1. Introduction {#sec0005}
===============

The importance of and interest in the analysis of mainstream tobacco smoke has been recognized from years [@bib0195], [@bib0095], [@bib0045], [@bib0100], [@bib0200]. Such studies provide very valuable information for establishing relationships between tobacco constituents and smoke products and the formation of harmful and hazardous compounds [@bib0025], [@bib0160]. They also provide knowledge of the effect of cigarette design parameters on the smoke composition for several purposes, such as the discrimination among tobacco types [@bib0005], the smoke composition [@bib0065], or the contribution of certain pollutants from tobacco smoke to indoor air [@bib0145], for example. In this context, the need for including the analysis of reference cigarettes has been recognized [@bib0175] in the studies because it allows the replication and comparison of experiments performed in different laboratories. In our study the inclusion of a reference tobacco is especially needed because, in addition to the above reason providing a reference of the quality of our data, it allows a comparison with the results of other authors and smoking conditions.

The habits of tobacco consumption have changed in the last years, and the use of roll-your-own (RYO) cigarettes has increased noticeably, mainly due to being cheaper than buying factory-made (FM) cigarettes, but also because it is easier to control the amount of tobacco used by rolling thinner cigarettes, and the erroneous belief that they are less hazardous [@bib0220]. In 2008, the prevalence of the consumption of RYO in Spain was 8.7%, but increased 200% in the 2007--2010 period, with an increase of 60% in 2010, probably because of its lower price and the erroneous argument that it could be less toxicant because it contains fewer additives than FM cigarettes [@bib0090]. According to Rosenberry et al. [@bib0180], in 2013 the data about the prevalence of these cigarettes in several countries is as follows: United Kingdom (28.4%), Canada (17.1%), Australia (24.2%); Malaysia (17%), Thailand (58%), and U.S. (6.7%), although the current use in the United States could be greater. Young et al. [@bib0215] have published an interesting study on the prevalence and attributes of roll-your-own smokers in Australia, Canada, the United Kingdom and the United States.

The application of comprehensive tobacco control legislation, particularly large cigarette tax increases can contribute to a decrease of the prevalence of smoking and consumption of cigarettes. However, the eventual problems related to the potential use of RYO as a cheaper alternative, especially among the less favored population, have to be considered [@bib0015], [@bib0130], [@bib0030]. As Kaiserman and Rickert [@bib0120] state, cigarette manufacturers are able to adjust the deliveries of tar, nicotine, and CO by manipulating the components used in FM cigarettes (tobacco, filters and papers). However, the tar delivered from RYO cigarettes can vary by approximately 60% depending on the tube and filter combination used for wrapping the cigarettes. Therefore, smokers should be advised, that not only the yields of tar, nicotine and CO from tobacco have to be taken into account in order to make their choices of the less hazardous product. The use of slim cigarettes results in lower yields of some toxicants [@bib0185]. However, according to Darral and Figgins [@bib0070], there is a lack of information that neglects to inform the smoking public in any detail about the hazards associated with either particular brands or particular rolling techniques.

Different authors have studied the mainstream smoke from RYO cigarettes. In 1990, Appel et al. [@bib0010] reported that the emissions of benzene and benzo(α)pyrene and lead were similar for cigars, RYO cigarettes and pipe tobacco, and the lead values were below the limit of reliable quantitation in the cases studied. However, the potential exposures of benzene and benzo(α)pyrene exceeded the No Significant Risk levels. Darral and Figgins [@bib0070] point out that there are few published studies focused on the yields of smoke from hand-rolling tobaccos. These authors found that the yields of tar in the mainstream smoke from RYO cigarettes produced by 57% of the smokers were above the current maximum of 15 mg/cigarette for manufactured cigarettes. Moreover, 77% of RYO smokers produced cigarettes with a nicotine yield higher than 1.1 mg/cigarette, in comparison with 8% of manufactured cigarettes that declared nicotine yields higher than this value. These results agree with those reported by Castaño Calduch et al. [@bib0050] that analyzed up to 70% of the fine-cut tobacco market in Spain, and showed that the yields of nicotine, tar and CO were in the range of 1--1.7, 13.7--18.5 and 13.5--18.4 mg/cigarette respectively, and in many cases they were higher than the maxima legislated of 1, 10 and 10 mg/cigarette, respectively.

In a previous work [@bib0150] we analyzed the mainstream smoke from the 10 commercial top selling cigarette brands in Spain, showing that despite the gaseous hydrocarbons and that most of the compounds of the vapor phase presented similar relative proportions among brands, the relative yield of some very well known toxic compounds may vary substantially from brand to brand. Moreover, the brands with the lowest total yield for the compounds in the vapor fraction were not coincident with those showing the lowest yield in the total particulate matter retained in the traps located after the cigarette filters. Thus, the need to establish more adequate parameters to determine tobacco toxicity was pointed out because the harmfulness of any individual compound appearing in the mainstream smoke can be very different, and the relative proportion of them is not always proportional to tar, CO or nicotine, that are the parameters regulated by legislation. In another paper [@bib0155], the effect of certain zeolite-type catalysts on the mainstream smoke composition has also been studied.

The main objective of the present work is to study the composition of the gases evolved from 11 RYO tobacco brands sold in Spain, and compare them with the 3R4F reference tobacco smoked under the same conditions. This study could represent an interesting contribution in order to avoid the lack of analytical data regarding the smoke from RYO tobaccos. In addition, this study would provide the reference for further studies focused on the effect of several catalysts to reduce the toxicity of RYO tobacco smoke.

2. Materials and methods {#sec0010}
========================

[Table 1](#tbl0005){ref-type="table"} shows the 11 RYO tobacco brands selected for the study carried out in the present work, as well as the corresponding manufacturing tobacco companies and market share in Spain accumulated up to February 2014, <http://www.cmtabacos.es/wwwcmt/paginas/ES/mercadoEstadisticas.tmpl> [@bib0060]. All of them account for approximately 2/3 of the Spanish market and represent an accumulated value of sales from January and February 2014 of around 934 tons. The different brands have been labeled with letters from A to K in a different order than that shown in [Table 1](#tbl0005){ref-type="table"} for privacy reasons. The reference 3R4F tobacco from the University of Kentucky [@bib0175], [@bib0170] has also been included in [Table 1](#tbl0005){ref-type="table"}.Table 1Brands of RYO tobacco studied in this work.BrandsTobacco companyMarket share (% kg)3R4FUniversity of KentuckyPuebloPöschl Tabak12.1Golden VirginiaImperial Tobacco3.3Domingo NaturalGryson NV4.9MalboroPhilip Morris International4.9CamelJTI4.3ChesterfieldPhilip Morris International7.1WinstonJTI8.7Ducados RubioImperial Tobacco14.0Pall-MallBritish American Tobacco5.7American SpiritSanta Fe Natural Tobacco Company0.9Cross RoadScandinavian tobacco group0.6

The cigarettes for the smoking experiments were prepared by weighing the empty tube and the tube completely refilled, by hand, with the corresponding tobacco. The procedure used for filling the tubes was the same in all the cases. However, the differences in the apparent density and other physical characteristics of the tobacco strands employed in each brand made it difficult to prepare cigarettes with the same amount of tobacco and the same compacting degree. We have tried to use masses of tobacco that permit us to keep the pressure drop in the rods (at around 1.5 kPa). Thus, different amounts of tobacco per cigarette were used for each brand, and the results obtained for the composition of the mainstream smoke have been expressed in terms of mass of materials per gram of smoked tobacco. Nevertheless, the mass of tobacco per cigarette was in the range of the values employed in other works focused on the study of RYO tobacco, Kaiserman and Rickert [@bib0120] used 900 mg and similar condition conditions as used in the present work and Castaño Calduch et al. [@bib0050] used 750 mg using the ISO 15592-2 conditioning conditions.

The tubes used that include the filter plus the void paper cylinder were Mascotte Hulzen X-LONG. These tubes have no ventilation holes and were selected since they more likely correspond to the conditions of the RYO cigarettes smoked by consumers, because the paper used (that also covers the filter) has typically no ventilation holes. The 3R4F reference tobacco from the emptied 3R4F cigarettes has been used in these experiments using the same tubes as those used for the RYO tobaccos. Thus, the results obtained with the non-ventilated tubes permit us to connect the results obtained for RYO tobaccos with other data reported in the literature through the comparison of the results corresponding to 3R4F smoked under different conditions.

All the cigarettes, after preparation, were also conditioned for at least 48 h at 22 °C and a relative humidity of 60%, based on the ISO 3402 standard [@bib0110]. Although the number of puffs is different for the different tobaccos, in this work the cigarettes have been smoked until a butt length of 33.2 mm (filter length +8 mm), since is the largest of 23 mm, filter length +8 mm (33.2 mm) or paper length +3 mm (28.2 mm), according to the ISO 4387 standard [@bib0115]. The study of the cigarettes prepared by using exactly the same tubes and procedure with the RYO and 3R4F tobaccos enables us to compare the results obtained in the present work with those reported by other authors that also use the 3R4F reference (i.e., [@bib0175], [@bib0035], [@bib0165] or [@bib0200]) as well as with the results corresponding to other additive-tobacco systems that are being studied by our research team.

Cigarettes were smoked in a smoking machine under smoking conditions based on the ISO 3308 [@bib0105], in a similar way as in other works [@bib0175], [@bib0150], [@bib0155], the main difference being the absence of ventilation holes in the tubes. This condition has a great influence on the yields obtained as will be discussed later. The smoking machine employed allows five cigarettes to be smoked simultaneously and the pressure of aspiration was never higher than 1.5 kPa. Puff volume was 35 mL, taken during 2.0 s, with a puff frequency of 60 s. Each experiment was repeated twice. Typically, standard deviations lower than 20% are obtained [@bib0155]. Ten cigarettes were smoked for each experiment, and the mainstream smoke obtained was analyzed in all cases. The mainstream smoke, after passing through the cigarette filter, passed through another trap (based on the ISO 3308, we use a glass microfibre filter Wathman trap of 47 mm diameter, conditioned as the tobacco samples) in order to retain the less volatile compounds that could condense in the mouth and lungs of smokers, and was finally collected in a Tedlar bag, as described elsewhere [@bib0150], [@bib0155]. Thus, the mainstream smoke has be considered as comprising three fractions, i.e., the gaseous fraction which is that collected in the Tedlar bag, the total particulate matter (TPM) and the condensed fraction collected in the cigarette filters. Last is going to name TPM-F in order to improve the comparative process. The yields obtained for the different fractions and compounds appearing in the mainstream smoke were compared for all the studied RYO brands and, finally the comparison between the RYO tobaccos and the reference 3R4F tobacco was also carried out.

The gaseous fraction compounds were analyzed by GC/TCD in a Shimadzu GC-14 chromatograph with a CTRI column (for CO), and by GC/MS or GC/FID in an Agilent 6890N chromatograph with a GS-GASPRO column (for the other components). The particulate matter condensed in filters and traps was extracted separately with isopropanol, according to the ISO 4387, dried and analyzed by GC/MS in an Agilent 6890N chromatograph with a HP-5-MS column. In order to make sure of extracting all the matter, three successive extraction stages with fresh isopropanol were performed. Nevertheless, a single extraction stage yields most of the matter. The filters have been conditioned and 60 mL of isopropanol in three stages of 20 mL each were used. 31 and 74 compounds were analyzed respectively in the gaseous and in the TPM fractions of the mainstream smoke. The conditions for the analysis and quantification of the analytes have been described elsewhere [@bib0150], [@bib0155].

3. Results and discussion {#sec0015}
=========================

3.1. Preliminary analysis {#sec0020}
-------------------------

[Table 2](#tbl0010){ref-type="table"} shows the number of puffs, the amount of tobacco per cigarette, the amount of smoked tobacco in the smoking runs and the total particulate matter condensed in filters and traps (TPM-F and TPM), both expressed as mg/g of smoked tobacco.Table 2Number of puffs, initial and final amounts of tobacco and global yields obtained for the different smoking runs. The results reported correspond to the mean values of the 10 cigarettes smoked in each experiment.SampleNumber of puffsg of tobacco/cigaretteg of smoked tobacco/cigaretteTPM-F (mg/g of smoked tobacco)TPM (mg/g of smoked tobacco)TPM-F + TPM (mg/g of smoked tobacco)3R4F80.760.6215.818.634.4A100.920.7721.519.440.9B90.840.6724.117.942.0C90.890.7716.813.730.5D9.50.850.7022.119.641.8E100.940.7624.619.143.7F90.870.7120.118.838.9G8.30.860.7025.420.145.5H7.50.640.5526.022.047.9I110.960.7925.218.944.0J121.100.9120.213.833.9K8.30.820.6422.618.140.7

As can be seen in [Table 1](#tbl0005){ref-type="table"}, the amount of tobacco smoked was in the range of 0.55--0.91 g/cigarette, and in most cases it was around 0.6--0.7 g/cigarette. The amount of tobacco was in the range of 1.10 and 0.64 g/cigarette. These results agree with the expected linear correlation between the amount of tobacco per cigarette and the amount of tobacco smoked per cigarette which can be clearly appreciated in [Table 1](#tbl0005){ref-type="table"}. There is also a linear correlation between the number of puffs and the amount of tobacco per cigarette that indicates the need to increase the air supply for burning the same length of cigarette when the amount of tobacco in the cigarette also increases.

[Fig. 1](#fig0005){ref-type="fig"} shows the yield of particulate matter condensed in the filters and the traps and the sum of both for all brands analyzed. In order to facilitate the comparison with the values reported in the bibliography; the data have been expressed in terms of mg/cigarette. The represented values have been obtained by multiplying the results of [Table 2](#tbl0010){ref-type="table"}, TPM mg/g of smoked tobacco, by the amount of g of tobacco smoked/cigarette corresponding to each case. Similar changes of the units will be made in the following paragraphs with the sole purpose of being able to perform comparisons with the results reported by other authors.Fig. 1Yields of the total particulate matter expressed as mg/cigarette.

In general, for RYO tobacco and 3R4F, the yield of TPM is within the 18--22 mg/g smoked tobacco or 11--15 mg/cigarette ranges. Only brand C presents a slightly lower yield. Worth mentioning is the case of brand J, which is outside the mentioned range of TPM in terms of mg/g tobacco smoked but within the range observed for the other RYOs when TPM is expressed as mg/cigarette. This is, obviously, due to the fact that the brand J cigarettes had the highest amounts of tobacco per cigarette and tobacco smoked per cigarette. TPM for 3R4F is higher than TPM-F, but for RYO tobaccos the opposite trend is observed. The total amount of TPM + TPM-F for the reference tobacco is lower than for RYO tobaccos, with the only exception of brands C and J, and only when the data are expressed in terms of mg/g of tobacco smoked. The values reported by Bodnar et al. [@bib0035] for tar are around 30.6 mg/cigarette for the 3R4F reference tobacco and 34.4 mg/cigarette for the average of the 61 brands of manufactured cigarettes studied. These values are much higher than our TPM that, in accordance with the amount of tobacco per 3R4F cigarette ([Table 1](#tbl0005){ref-type="table"}) would be TPM-F = 9.9 mg/cigarette and TPM = 11.6 mg/cigarette, thus demonstrating the effect of the more intense smoking regime used in that work and the absence of ventilation holes in the tubes used.

In accordance with [Table 2](#tbl0010){ref-type="table"}, the highest value of TPF-F + TPM is obtained for brand H, with 47.9 mg/g smoked tobacco, but E, G and I tobaccos also yield high amounts of TPF-F + TPM. The lowest value of TPF-F + TPM is obtained for brands C and J, with values of 30.5 and 33.9 mg/g smoked tobacco. Differences between brands are not too high. 3R4F produces 34.4 mg/g smoked tobacco. This yield is in the range of the RYO brands giving the lowest yields expressed in mg/g of smoked tobacco.

The study of mainstream tobacco smoke involves the analysis of its carbon monoxide content. CO is under specific regulations in many countries due its known high toxicity, and the generation of this compound is greatly influenced by many variables including the type of tobacco [@bib0055], [@bib0075]. [Table 3](#tbl0015){ref-type="table"} shows the results obtained for the yield of CO expressed as mg/g of smoked tobacco and in mg/cigarette. As can be seen, the yields of CO are, in all cases, greater than 10 mg/cigarette, limiting value for cigarettes according to the Spanish legislation (RD 1079/2002 [@bib0085]), ranging from 15.4 mg/cigarette for brand J to 20.4 mg/cigarette for brand E. Nevertheless, it must be considered that the amount of tobacco per cigarette is higher in these tubes than in the usual ones (typically around 0.7 g/cigarette) and, additionally, the tubes have no ventilation holes. In fact, we obtained 11 mg of CO/cigarette when the reference 3R4F cigarettes were smoked in our laboratory, following the same procedure as in the present work and emptying and refilling the own 3R4F tubes (with ventilation holes), which agrees with the typical value provided by the supplier of 12 mg/cigarette. In this study this reference tobacco has a yield 17.4 mg/cigarette, thus, it could be concluded that several RYO tobaccos (i.e., those providing CO yields lower than the 3R4F reference tobacco) yield CO that could be below the authorized limit if they are smoked with ventilation holes. Kaiserman and Rickert [@bib0120] reported an average value of 17.69 mg/cigarette for RYO tobacco smoked in unperforated tubes, which is a value very similar to those obtained in the present study, where the average value is 17.7 mg/cigarette. Bodnar et al. [@bib0035] obtained 32.1 mg of CO per cigarette for the reference 3R4F tobacco smoked under the Canadian Intense regime, and a mean value of 32.3 mg CO/cigarette for the 61 commercial cigarette brands studied (including several slim cigarettes). The influence of the more intense smoking regime in addition to the lack of ventilation holes in the filters used is responsible for these high values. The amount of tobacco in that work ranged from 0.61 to 1 g/cigarette for the cigarettes with around 24--25 mm rod size.Table 3Yield of CO.CO (mg/g of smoked tobacco)CO (mg/cigarette)3R4F27.917.4A25.619.6B27.018.0C19.715.1D23.816.5E26.720.4F27.319.3G27.619.4H32.117.7I22.517.8J16.915.4K24.515.7

Other very important compound to be considered is nicotine, because this is the compound responsible for the addictive characteristics of tobacco. Nicotine, together with CO and tar, are the three parameters under the Spanish (as many other countries) regulations (RD 1079/2002 [@bib0085]). [Table 4](#tbl0020){ref-type="table"} shows the amount of nicotine in the condensed fraction retained in the traps and the filters, expressed as mg/g of smoked tobacco, as well as the results obtained for the amount of nicotine retained in traps expressed in terms of mg/cigarette, which is the value suitable for the comparison with the values reported in the bibliography. As will be seen in the following sections, nicotine is the major individual compound appearing both in TPM and TPM-F. According to [Table 4](#tbl0020){ref-type="table"}, the trend observed is now different to that described for CO, and the RYO tobaccos studied in this work yield higher amounts of nicotine than the 3R4F tobacco. When the 3R4F reference cigarettes were smoked using their own 3R4F tubes (i.e., with ventilation holes), 0.65 mg of nicotine/cigarette was obtained in the TPM. This value agrees with the data reported by the supplier (the yield of nicotine in TPM agrees with the value of 0.73 mg/cigarette reported by the supplier when taking into consideration the different conditions used and that the cigarettes have been emptied and refilled). As previously commented, the higher values obtained in the present work are a consequence of the absence of ventilation holes. As in the case of CO, the values of nicotine reported by Bodnar et al. [@bib0035] are higher than those obtained in the present work. Kaiserman and Rickert [@bib0120] obtained an average value for nicotine of 1.14 mg/cigarette when smoking in conditions very similar to those used in the present work and Castaño Calduch et al. [@bib0050] reported values between 1 and 1.17 mg/cigarette.Table 4Yields of nicotine.SampleNicotine in TPM-F (mg/g smoked tobacco)Nicotine in TPM (mg/g smoked tobacco)Nicotine in TPM (mg/cigarette)3R4F1.091.901.19A2.663.602.76B2.122.741.83C1.832.411.84D1.982.541.77E1.552.351.80F1.442.091.48G1.242.351.65H1.412.741.51I2.023.152.49J0.962.191.99K1.752.841.82

An interesting fact is that TPM-F is higher than TPM, the amount of nicotine is higher in TPM than in TPM-F, thus indicating that this compound tends to be more concentrated in the traps. It is interesting to point out that, even though the overall yield of TPM-F was lower than TPM for the 3R4F reference, nicotine is also more concentrated in TPM than in TPM-F.

3.2. Analysis of the vapor phase {#sec0025}
--------------------------------

The results obtained are shown in [Table 5](#tbl0025){ref-type="table"}. The total gas yield has been calculated as the sum of the yields of the different analyzed compounds and, as can be seen, ranges from 4.66 mg/g of tobacco smoked for brand K to 6.98 mg/g of tobacco smoked for brand E. 3R4F is within this range, but very close to its highest end, with a value of 6.73 mg/mg of tobacco smoked.Table 5Yields of the different compounds analyzed in the gaseous fraction.mg/g smoked tobacco3R4FABCDEFGHIJKMethane1.921.451.361.361.181.231.571.240.11.481.791.25Ethane0.720.580.530.550.500.520.640.530.380.610.700.49Ethylene0.440.300.290.270.260.270.330.300.270.310.340.26Ethyne0.060.030.030.030.030.030.040.040.040.040.030.03Propane0.310.260.250.250.230.240.290.250.180.280.300.22Propene0.390.290.280.260.260.260.320.280.240.300.320.25Iso-butane0.050.020.030.020.020.020.030.020.020.030.030.02Chloromethane0.100.080.130.080.050.070.040.040.080.070.080.04Butane0.090.080.070.080.070.070.090.080.050.080.090.071-Butene0.090.070.060.060.060.060.080.070.060.070.080.061,2-Propadiene0.030.010.010.010.010.010.010.020.020.020.010.011,3-Butadiene0.030.020.020.010.020.020.030.020.020.020.030.02Isobutene0.060.070.040.060.060.060.070.060.060.070.080.05cis-2-Butene0.080.050.010.010.050.040.060.030.040.050.060.05Pentane0.010.020.020.020.020.020.030.020.020.020.030.02Methanethiol0.050.030.040.000.020.030.040.020.030.030.020.01Hydrogen cyanide0.020.020.020.010.010.020.020.020.010.020.020.021-Pentene0.020.020.020.020.020.010.020.010.020.010.010.01Furan0.030.030.010.020.020.020.030.030.020.030.030.02Isoprene0.400.480.310.200.310.260.370.400.260.320.540.37Hexane0.010.020.020.010.020.010.030.020.010.020.030.021-Hexene0.020.020.020.020.020.020.020.020.020.020.020.02Benzene0.270.180.150.180.170.160.200.190.170.210.190.18Acetaldehyde1.011.061.151.131.082.610.741.611.321.490.870.86Acrolein0.050.050.060.080.050.040.050.030.050.020.030.02Propionaldehyde0.060.040.040.040.040.040.050.040.040.040.030.03Acetonitrile0.160.090.060.070.070.060.070.070.090.060.040.05Toluene0.060.040.050.050.040.040.050.040.040.040.030.032,5-Dimethylfuran0.010.030.020.030.020.020.030.010.010.010.040.02Crotonaldehyde0.020.010.010.010.010.010.010.010.010.010.010.01Isobutyraldehyde0.020.040.030.050.020.030.010.030.030.020.020.01Sum6.736.015.625.185.206.985.715.955.005.906.024.66

Hydrocarbons show very similar amounts in all the RYO brands, with some exceptions such as the low value of methane when smoking brand H or of cis-2-butene when brands B and C are smoked. In general, the highest values seem to be shown by brands J and F, and the lowest by D and H. No clear tendency has been observed for the oxygenated or other heteroatom-containing compounds; it is worth mentioning the comparatively high values of Acetaldehyde from brand E, Acrolein from brand C or Chloromethane from brand B. In order to make the comparison easier, the chemical compounds of [Table 5](#tbl0025){ref-type="table"} have been grouped by chemical families such as aliphatic saturated or unsaturated hydrocarbons, aromatics, aldehydes and other compounds, where nitrogenous and other heteroatom-containing compounds have been included. The corresponding yields are shown in [Fig. 2](#fig0010){ref-type="fig"}. As can be seen, the major compounds are aliphatic hydrocarbons, with higher overall yields of saturated hydrocarbons than of unsaturated hydrocarbons, followed by aldehydes. Aromatics and other compounds appear to a noticeably lower extent. The already commented on noticeably high value of aldehydes in brand E and the low yield of saturated hydrocarbons of brand H could be highlighted. The maximum values for all the chemical families have been obtained in the gases evolved when the 3R4F reference was smoked, with the only exception of the yields of aldehydes, which are close to the average value obtained for RYO tobaccos if brand E is not taken into account.Fig. 2Yields of the different chemical families appearing in the gaseous fraction of the mainstream smoke.

According to [Table 5](#tbl0025){ref-type="table"}, and in good agreement with the comments of the previous paragraph, a higher amount of the gaseous compounds has been obtained from 3R4F than from most of the studied RYO brands. In order to facilitate the comparison between each chemical compound in RYO tobacco and the reference tobacco, normalized yields of these compounds have been obtained by dividing each particular yield by the corresponding value obtained for 3R4F. The results obtained are shown in [Fig. 3](#fig0015){ref-type="fig"}. In this figure, a value of unity means that the yield obtained from the RYO brand is equal to the yield obtained from the reference tobacco. As can be seen, with the only exceptions of pentane, hexane, acetaldehyde, 2,5-dimethylfuran and isobutyraldehyde, the other 26 compounds are obtained in lower amounts when smoking the different RYO tobaccos than when smoking the 3R4F reference tobacco.Fig. 3Relative yields for compounds obtained in the gaseous fraction of the mainstream smoke.

3.3. Particulate matter {#sec0030}
-----------------------

[Table 6](#tbl0030){ref-type="table"}, [Table 7](#tbl0035){ref-type="table"} contain, respectively, the results corresponding to the condensed materials -- also so-called liquid fraction -- from filters and traps. Compounds have been arranged according to their retention time. As can be seen, the amount of most compounds with low retention time is higher in the filters than in the traps, while the opposite is true for the heaviest compounds. This behavior has already been observed in another work [@bib0150], and has been related with different aspects, such as the different affinity of any particular compound for the filter and the trap, their relative concentration and the differences in their vapor pressures. According to Kalaitzoglou and Samara [@bib0125], an increase in the pressure drop during smoking may cause desorption of PAHs from the TPM which might favor their distribution in the gas phase, whereas compounds from other chemical classes may behave differently. The pressure drop through the cigarette might be related to the density and size of the filters, the ventilation rates, among other design features of the cigarettes, and also on the smokers' habits. It may also change between puffs, affecting the way the different compounds are adsorbed or desorbed in filters and traps, making the interpretation of this phenomenon difficult.Table 6Yields of the different compounds analyzed in the TPM-F fraction.mg/g smoked tobacco3R4FABCDEFGHIJKPyridine, 4-methyl-0.0070.0140.0130.0110.0170.0130.0120.0110.0170.0000.0070.000Pyrazine, methyl-0.0070.0090.0150.0100.0120.0100.0070.0090.0190.0000.0040.000Furfural0.0850.0900.1000.1360.1430.0870.1000.1130.1210.0000.0890.0002-Pentanone, 4-hydroxy-4-methyl-0.0100.0040.0070.0130.0050.0040.0000.0000.0030.0000.0020.000Ethanol, 2-(1-methylethoxy)-0.0090.0060.0090.0150.0110.0060.0110.0000.0000.0220.0000.0162-Furanmethanol0.0100.0000.0250.0500.0500.0150.0260.0270.0000.0160.0000.038Pyridine, 3-methyl-0.0170.0350.0270.0160.0260.0490.0400.0540.0470.0460.0190.0182-Propanone, 1-(acetyloxy)-0.0280.0250.0470.0470.0510.0260.0280.0360.0330.0320.0170.0334-Cyclopentene-1,3-dione0.0250.0220.0870.0620.0750.0470.0410.0400.0200.0520.0240.037Styrene0.0020.0040.0070.0050.0050.0070.0050.0050.0030.0120.0050.0102-Cyclopenten-1-one, 2-methyl-0.0260.0340.0560.0570.0670.0450.0340.0490.0520.0580.0310.0612-Acetylfuran0.0150.0280.0330.0290.0360.0360.0310.0370.0390.0190.0200.0292(5H)-furanone0.0130.0180.0240.0270.0290.0210.0200.0280.0280.0080.0160.015Pyrazine, 2,3-dimethyl-0.0030.0000.0000.0000.0000.0030.0000.0020.0030.0000.0000.0002-Hydroxycyclopent-2-en-1-one0.0130.0130.0220.0330.0270.0120.0110.0060.0040.0200.0080.025Pyridine, 3,5-dimethyl-0.0000.0150.0000.0000.0000.0140.0080.0160.0190.0040.0090.0022,5-Dimethyl-2-cyclopentenone0.0040.0050.0100.0090.0110.0070.0050.0000.0000.0150.0000.0122(3H)-furanone, 5-methyl-0.0030.0050.0040.0060.0060.0000.0000.0060.0070.0030.0040.005Butanoic acid, 3-methyl-0.0000.0000.0000.0000.0000.0000.0000.0000.0000.0000.0000.000Ethanol, 2-butoxy-0.0090.0060.0080.0120.0090.0110.0110.0000.0000.0070.0000.011Benzaldehyde0.0070.0080.0220.0300.0250.0080.0100.0070.0110.0310.0050.028Furfural, 5-methyl-0.0370.0610.0520.0840.0800.0520.0570.0580.0620.0600.0580.076Pyridine, 3-ethenyl-0.0120.0240.0200.0160.0230.0180.0170.0250.0290.0310.0120.0252(5H)-furanone, 3-methyl-0.0090.0120.0140.0280.0180.0140.0120.0110.0130.0110.0070.006Phenol0.0630.1250.1280.1620.1560.1080.1020.1220.1300.1280.0900.1252-Isopropylfuran0.0080.0110.0130.0090.0160.0170.0000.0160.0150.0140.0000.0122-Cyclopenten-1-one, 2-hydroxy-3-methyl-0.0300.0230.0330.0290.0390.0120.0120.0570.0310.0000.0270.037Limonene0.0050.0240.0680.0770.0850.0580.0480.0120.0110.0650.0230.0802,3-Dimethyl-2-cyclopenten-1-one0.0210.0220.0230.0350.0430.0200.0270.0330.0260.0380.0160.040Indeno0.0020.0100.0180.0160.0140.0090.0100.0110.0120.0320.0070.024o-Cresol0.0260.0370.0300.0440.0470.0420.0390.0420.0400.0340.0290.0332-Acetylpyrrole0.0030.0140.0200.0210.0170.0210.0260.0140.0000.0060.0080.014Phenol, 4-methoxy-0.0020.0000.0000.0000.0000.0000.0000.0000.0000.0000.0000.000Ethanone, 1-phenyl-0.0050.0070.0160.0100.0140.0110.0110.0090.0100.0120.0050.013p-Cresol0.0410.0940.0940.1110.1190.0740.0690.0830.0920.0920.0520.1012-Ethyl thiophene0.0030.0000.0000.0000.0230.0000.0100.0000.0000.0000.0000.000Phenol, 2-methoxy-0.0230.0360.0350.0390.0470.0320.0290.0360.0400.0390.0260.0432-Propanamine0.0100.0110.0140.0150.0180.0090.0080.0000.0000.0190.0000.0143-Ethyl-2-hydroxy-2-cyclopenten-1-one0.0100.0240.0300.0310.0340.0260.0260.0250.0270.0210.0180.023Benzene acetonitrile0.0040.0090.0120.0110.0130.0090.0070.0110.0130.0200.0050.0132,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one0.0120.0020.0220.1130.0310.0090.0200.0110.0100.0620.0200.116Phenol, 2,4-dimethyl-0.0070.0090.0000.0000.0000.0160.0160.0000.0000.0270.0000.020Phenol, 4-ethyl-0.0000.0170.0320.0130.0390.0000.0130.0180.0190.0140.0130.023Naphthalene0.0060.0070.0250.0070.0070.0230.0060.0000.0380.0120.0050.012Ethanone, 1-(3-methylphenyl)-0.0030.0110.0250.0150.0170.0220.0090.0000.0000.0000.0100.000p-Cresol 2-methoxy0.0020.0110.0060.0070.0070.0100.0050.0060.0070.0000.0040.0132,3-Dihydro-benzofuran0.0070.0230.0210.0230.0270.0190.0200.0190.0200.0260.0110.0102-Furancarboxaldehyde, 5-(hydroxymethyl)-0.0000.0000.0000.0610.0430.0000.0000.0000.0000.0200.0000.0491H-inden-1-one, 2,3-dihydro-0.0110.0180.0190.0250.0320.0150.0170.0140.0160.0190.0090.020Hydroquinone0.0200.0730.0640.0820.0600.0560.0320.0420.0400.0380.0270.0811H-indole0.0190.0530.0370.0870.0830.0430.0570.0670.0610.0380.0410.0444-Vinyl-2-methoxy-phenol0.0130.0160.0250.0200.0370.0160.0130.0220.0170.0260.0110.028Nicotine1.0942.6612.1161.8331.9851.5541.4451.2411.4142.0240.9571.7501H-indole, 3-methyl-0.0080.0130.0190.0170.0160.0110.0120.0100.0200.0190.0100.017Myosmine0.0100.0200.0270.0180.0260.0140.0080.0100.0190.0160.0040.016Phenol, 2-methoxy-4-(2-propenyl)-0.0060.0090.0080.0120.0170.0080.0050.0080.0060.0140.0050.007Nicotyrine0.0030.0140.0210.0160.0180.0140.0100.0090.0100.0130.0060.014Norsolanadione0.0030.0130.0160.0180.0200.0120.0130.0110.0100.0130.0070.0182,3′-Bipyridine0.0070.0240.0220.0240.0240.0120.0140.0150.0170.0110.0080.0111,4-Dihydrophenantrhene0.0000.0160.0000.0000.0000.0000.0000.0000.0050.0110.0000.014Megastigmatrienone0.0060.0240.0000.0000.0000.0190.0180.0140.0000.0090.0000.0152,4-Dimethyl-6-(2-furyl) pyridine0.0000.0100.0000.0000.0000.0110.0090.0080.0000.0000.0000.000N-propyl-nornicotine0.0040.0130.0120.0090.0120.0060.0080.0070.0080.0100.0040.007Cotinine0.0050.0150.0170.0130.0150.0110.0170.0300.0150.0110.0000.0245-Tetradecene0.0060.0090.0210.0130.0150.0090.0080.0070.0130.0130.0090.015N(β)-formylnornicotine0.0040.0080.0190.0100.0110.0070.0060.0050.0090.0000.0020.008Neophytadiene0.0780.2480.2050.1600.2150.1390.1510.1500.1810.1840.1330.244Farnesol0.0060.0130.0210.0140.0130.0140.0150.0270.0090.0190.0120.018Hexadecanoic acid, ethyl ester0.0000.0140.0050.0120.0270.0100.0140.0090.0000.0080.0000.0122,6,10,14,18,22-Tetracosahexaene, 2,6,10,15,19,23-hexamethyl-0.0040.0140.0300.0170.0190.0090.0120.0110.0160.0130.0130.022Heptacosane0.0090.0260.0420.0300.0290.0250.0230.0250.0260.0260.0160.029Triacontane0.0040.0400.0440.0480.0430.0300.0420.0340.0450.0270.0220.025Octadecane0.0120.0710.1000.0890.0940.0640.0810.0700.0790.0500.0520.056Tocopherol0.0100.0730.0890.0800.0670.0580.0630.0520.0760.0630.0710.092Table 7Yields of the different compounds analyzed in the TPM fraction.mg/g smoked tobacco3R4FABCDEFGHIJKPyridine, 4-methyl-0.0030.0030.0010.0020.0030.0010.0000.0030.0020.0000.0000.000Pyrazine, methyl-0.0020.0010.0010.0020.0020.0010.0000.0000.0020.0000.0000.000Furfural0.0150.0070.0030.0060.0070.0030.0000.0000.0060.0000.0030.0002-Pentanone, 4-hydroxy-4-methyl-0.0090.0000.0040.0120.0010.0030.0040.0000.0010.0000.0000.000Ethanol, 2-(1-methylethoxy)-0.0050.0050.0050.0060.0070.0040.0060.0020.0000.0100.0030.0092-Furanmethanol0.0020.0000.0030.0050.0030.0000.0000.0000.0000.0000.0000.000Pyridine, 3-methyl-0.0040.0050.0020.0010.0020.0010.0020.0030.0030.0010.0010.0022-Propanone, 1-(acetyloxy)-0.0050.0020.0010.0020.0020.0010.0020.0020.0010.0020.0010.0024-Cyclopentene-1,3-dione0.0040.0020.0070.0030.0040.0030.0050.0040.0010.0000.0010.000Styrene0.0020.0010.0020.0020.0020.0010.0010.0010.0010.0030.0010.0032-Cyclopenten-1-one, 2-methyl-0.0090.0040.0040.0050.0070.0020.0050.0060.0050.0030.0020.0032-Acetylfuran0.0040.0030.0010.0010.0020.0020.0030.0030.0020.0020.0010.0022(5H)-furanone0.0020.0020.0000.0010.0010.0020.0020.0020.0020.0010.0010.001Pyrazine, 2,3-dimethyl-0.0010.0000.0000.0000.0000.0000.0000.0000.0000.0000.0000.0002-Hydroxycyclopent-2-en-1-one0.0050.0020.0030.0040.0040.0020.0030.0010.0010.0040.0010.004Pyridine, 3,5-dimethyl-0.0010.0020.0000.0000.0000.0010.0020.0020.0020.0000.0010.0002,5-Dimethyl-2-cyclopentenone0.0030.0010.0010.0010.0030.0010.0020.0020.0020.0010.0010.0012(3H)-furanone, 5-methyl-0.0010.0000.0000.0000.0000.0000.0000.0000.0000.0000.0000.000Butanoic acid, 3-methyl-0.0000.0020.0070.0120.0070.0040.0080.0060.0000.0050.0000.006Ethanol, 2-butoxy-0.0100.0000.0060.0000.0040.0000.0000.0000.0000.0020.0000.003Benzaldehyde0.0040.0010.0010.0030.0030.0010.0020.0020.0020.0010.0000.001Furfural, 5-methyl-0.0110.0060.0010.0020.0020.0030.0060.0040.0040.0050.0030.007Pyridine, 3-ethenyl-0.0020.0020.0000.0000.0020.0010.0020.0020.0020.0000.0000.0002(5H)-furanone, 3-methyl-0.0020.0020.0010.0010.0010.0010.0020.0010.0010.0000.0010.000Phenol0.0250.0390.0180.0200.0190.0140.0160.0180.0140.0260.0140.0242-Isopropylfuran0.0040.0040.0020.0020.0040.0040.0040.0040.0030.0030.0030.0012-Cyclopenten-1-one, 2-hydroxy-3-methyl-0.0170.0140.0000.0000.0000.0060.0080.0070.0050.0000.0050.000Limonene0.0160.0110.0220.0210.0250.0090.0060.0070.0070.0260.0070.0232,3-Dimethyl-2-cyclopenten-1-one0.0050.0060.0040.0080.0070.0030.0050.0040.0030.0070.0030.008Indeno0.0020.0020.0020.0040.0040.0000.0010.0010.0010.0050.0000.002o-Cresol0.0160.0160.0070.0110.0090.0090.0110.0090.0090.0080.0080.0172-Acetylpyrrole0.0000.0020.0030.0070.0050.0040.0000.0000.0000.0000.0000.000Phenol, 4-methoxy-0.0000.0050.0000.0000.0000.0000.0000.0000.0000.0000.0000.000Ethanone, 1-phenyl-0.0000.0000.0020.0020.0030.0000.0000.0000.0000.0000.0000.000p-Cresol0.0230.0370.0180.0220.0170.0170.0190.0170.0180.0280.0150.0312-Ethyl tiophene0.0050.0060.0000.0000.0000.0060.0040.0010.0020.0000.0060.000Phenol, 2-methoxy-0.0100.0110.0050.0090.0060.0040.0060.0060.0060.0050.0040.0132-Propanamine0.0090.0090.0070.0080.0040.0050.0050.0000.0000.0110.0040.0143-Ethyl-2-hydroxy-2-cyclopenten-1-one0.0120.0100.0000.0090.0000.0090.0130.0120.0090.0090.0060.012Benzene acetonitrile0.0000.0000.0050.0070.0100.0000.0000.0000.0000.0000.0000.0002,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one0.0210.0390.0460.0800.0830.0120.0230.0060.0040.0580.0260.093Phenol, 2,4-dimethyl-0.0050.0000.0140.0140.0140.0000.0080.0000.0000.0140.0000.017Phenol, 4-ethyl-0.0050.0140.0160.0190.0170.0020.0080.0040.0060.0000.0030.000Naphthalene0.0040.0020.0000.0000.0030.0040.0120.0150.0130.0000.0060.000Ethanone, 1-(3-methylphenyl)-0.0020.0000.0000.0000.0000.0000.0000.0000.0000.0000.0000.000p-Cresol 2-methoxy0.0020.0000.0000.0020.0020.0000.0000.0000.0000.0000.0000.0002,3-Dihydro-benzofuran0.0080.0180.0170.0150.0200.0120.0100.0110.0100.0170.0100.0212-Furancarboxaldehyde, 5-(hydroxymethyl)-0.0000.0000.0060.0440.0320.0000.0130.0000.0000.0050.0180.0331H-inden-1-one, 2,3-dihydro-0.0120.0120.0080.0090.0210.0020.0070.0040.0030.0000.0040.000Hydroquinone0.0310.0720.0330.0800.0530.0490.0910.0530.0270.0840.0400.1461H-indole0.0240.0700.0360.0490.0610.0570.0440.0440.0430.0170.0260.0144-Vinyl-2-methoxy-phenol0.0070.0080.0160.0090.0170.0060.0050.0070.0060.0250.0060.024Nicotine1.8973.5992.7412.4092.5452.3452.0882.3542.7433.1472.1882.8391H-indole, 3-methyl-0.0050.0140.0100.0100.0100.0080.0060.0050.0100.0150.0070.024Myosmine0.0130.0310.0240.0140.0160.0170.0130.0120.0160.0260.0040.029Phenol, 2-methoxy-4-(2-propenyl)-0.0070.0090.0070.0040.0090.0070.0040.0030.0060.0250.0040.006Nicotyrine0.0070.0220.0170.0050.0060.0110.0120.0080.0130.0140.0080.010Norsolanadione0.0100.0230.0140.0120.0140.0150.0140.0120.0180.0180.0100.0162,3′-Bipyridine0.0100.0220.0230.0180.0140.0140.0160.0150.0190.0190.0130.0181,4-Dihydrophenantrhene0.0000.0000.0000.0000.0000.0000.0000.0000.0000.0180.0000.018Megastigmatrienone0.0060.0260.0100.0100.0090.0070.0120.0090.0100.0150.0210.0242,4-Dimethyl-6-(2-furyl) pyridine0.0000.0100.0000.0000.0000.0170.0120.0090.0150.0000.0050.000N-propyl-nornicotine0.0070.0130.0120.0090.0100.0060.0130.0090.0090.0100.0080.011Cotinine0.0170.0210.0220.0110.0180.0230.0260.0330.0300.0190.0130.0265-Tetradecene0.0080.0110.0180.0110.0130.0100.0100.0100.0100.0160.0080.023N(β)-formylnornicotine0.0150.0210.0130.0170.0210.0180.0160.0200.0240.0240.0090.021Neophytadiene0.1200.2970.2020.1470.1980.1600.1740.1610.1810.2410.1650.331Farnesol0.0100.0170.0200.0100.0150.0180.0220.0280.0110.0360.0180.029Hexadecanoic acid, ethyl ester0.0000.0170.0000.0190.0240.0120.0130.0140.0060.0090.0050.0112,6,10,14,18,22-Tetracosahexaene, 2,6,10,15,19,23-hexamethyl-0.0130.0200.0300.0190.0200.0150.0100.0100.0150.0230.0170.022Heptacosane0.0210.0310.0410.0300.0300.0380.0300.0320.0240.0320.0230.032Triacontane0.0130.0510.0600.0430.0400.0530.0530.0380.0450.0370.0320.042Octadecane0.0320.0810.1220.0870.0840.1100.1090.0740.0830.0760.0650.090Tocopherol0.0370.1110.0960.0660.0770.1120.0880.0490.0880.1190.1050.146

The general distribution of the lightest compounds between filters and traps agrees with that observed for the overall TPM-F + TPM yields from RYO, shown in [Table 2](#tbl0010){ref-type="table"}. The distribution of the heaviest compounds however follows the same tendency as the overall TPM-F + TPM from 3R4F, and also that of Nicotine, as already commented (i.e., the behavior of nicotine resembles more that of the heaviest compounds). [Fig. 4](#fig0020){ref-type="fig"} shows the cases of furfural, styrene, phenol and p-cresol, as examples of this type of behavior, even although, in view of the respective retention time in the chromatograms, p-cresol cannot be classified within the lightest compounds of the mixture. As [Fig. 4](#fig0020){ref-type="fig"} reflects, in general, 3R4F yields lower amounts of these types of compounds in filters than RYO tobaccos, but it yields larger amounts in the traps. Brands I and K yield almost no furfural whereas they yield the largest amounts of Styrene.Fig. 4Examples of some compounds showing higher yields in TPM-F than in TPM. (a) Furfural, (b) styrene, (c) phenol and (d) p-cresol.

[Fig. 5](#fig0025){ref-type="fig"} shows the behavior of hydroquinone, nicotyrine, and especially cotinine and N(β)-formylnornicotine, as examples of heavier compounds being more concentrated in the traps than in the filters. Once again 3R4F is one of the tobaccos yielding the lowest amounts in the filters, whereas in the traps the yields obtained for this tobacco are closer to the average yields. According to Borgerding and Klus [@bib0040], the Hydroquinone yield is more sensitive to the tobacco blend type than other smoke constituents and, as can be seen in [Table 6](#tbl0030){ref-type="table"}, [Table 7](#tbl0035){ref-type="table"} and in [Fig. 5](#fig0025){ref-type="fig"}, it is delivered to a much higher extent in traps, where its value varies between 0.027 and 0.146 mg/g of smoked tobacco, for brands H and K, respectively. It is worth mentioning that the yields of the heaviest compounds obtained in TPM from the reference tobacco are usually lower than that of the rest of RYO tobacco brands.Fig. 5Examples of some compounds showing higher yields in TPM than in TPM-F. (a) Hydroquinone, (b) nicotyrine, (c) cotinine and (d) N(β)-formylnornicotine.

In order to facilitate the comparison of the compounds found in the filter and in the traps among the different brands, the series of compounds listed in [Table 6](#tbl0030){ref-type="table"}, [Table 7](#tbl0035){ref-type="table"} have been grouped by families, according to their chemical functionality, in the same manner as described elsewhere [@bib0155]. The families considered, arranged according to the established priority, are the following: nitrogenous, carbonylic, phenolic, epoxies, aromatics, aliphatics and polyaromatic hydrocarbons (PAHs). Nicotine belongs to the nitrogenous compounds group and its behavior has been already discussed in a previous section. The yields of Nicotine are as high as the sum of all the other compounds, thus it has not been included in its group in order to allow a clearer discussion of the behavior of the other groups. The results obtained for the yields of the different chemical families in the filters and in the traps corresponding to the 3R4F reference are shown in [Table 8](#tbl0040){ref-type="table"}, [Table 9](#tbl0045){ref-type="table"}. These tables also include the ratio between the yield of each family when smoking each RYO brand and the yield of the same family when smoking the 3R4F reference tobacco.Table 8Yields of the different chemical family compounds analyzed in the TPM-F fraction from the 3R4F reference and ratio between the yield of each family from each RYO brand and from 3R4F.3R4F, mg/g of smoked tobacco(mg/mg of smoked RYO tobacco)/(mf/g 3R4F smoked tobacco)ABCDEFGHIJKNitrogenous0.1242.3692.3652.3472.6552.1102.0702.3632.4611.9501.1101.813Carbonylics0.3751.2481.8122.4392.2491.3511.3391.5001.4301.3431.0431.748Epoxies0.0251.3642.3723.2633.6862.0381.8412.4461.3992.2300.4342.354Aromatics0.0022.2104.4292.7282.7533.9392.7972.9581.64514.3022.82413.455Others0.0321.5383.3563.7334.4792.8093.0111.2330.6193.6141.1153.960PAHs0.0074.3225.6893.0232.8134.2632.1951.5167.3227.3391.6176.624Phenolics0.2132.3462.3942.6782.8031.9671.8122.0222.1942.2351.5452.647Aliphatics0.1133.6463.9133.1603.6802.4692.8022.6663.1932.7802.1763.457Table 9Yields of the different chemical family compounds analyzed in the TPM fraction from the 3R4F reference and ratio between the yield of each family from each RYO brand and from 3R4F.3R4F, mg/g of smoked tobacco(mg/mg of smoked RYO tobacco)/(mf/g 3R4F smoked tobacco)ABCDEFGHIJKNitrogenous0.1201.97991.45841.32881.50971.41071.29531.29221.46431.29330.78341.4134Carbonylics0.1571.02540.75431.37011.30860.49020.81940.50460.49700.83160.67051.3230Epoxies0.0141.61491.63261.55941.96041.14191.03191.07390.96501.45170.87751.5586Aromatics0.0050.19990.29090.35070.38800.19930.24580.19630.20500.44630.10380.5097Others0.0460.88091.26471.07721.26790.89510.98750.95880.44731.71150.71821.5188PAHs0.0060.69240.40980.70561.23110.67512.31522.92652.40313.98751.08253.7058Phenolics0.1681.92531.37151.52481.43701.30371.52840.98931.07631.98741.18372.5226Aliphatics0.2072.36342.27531.61841.85661.86541.86101.56551.72472.04931.49372.6068

As already commented on for the individual compounds, 3R4F is the tobacco yielding the lowest amounts of the different families, as indicated by the fact that most of the ratios in [Table 8](#tbl0040){ref-type="table"} are higher than one, with the average value of the yield ratio in filters around 3. With regard to the TPM-F, tobacco J is the one showing the lowest yields among all the RYO brands, except for aromatics, and provides lower yields of epoxies than the 3R4F tobacco. Contrarily the aromatics are the compounds that this brand yields in higher amounts in relation to the 3R4F tobacco. Brand I is at the other end providing the larger amounts of aromatics and PAH. According to [Table 8](#tbl0040){ref-type="table"} it appears that RYO brands generally provide much higher yields in the filters of the group of others and PAH, in comparison with 3R4F. As can be seen in [Table 9](#tbl0045){ref-type="table"}, the behavior observed for TPM is somewhat different. All brands including the 3R4F yield similar results and the average value of all ratios is around 1.3. Moreover, it can also be observed that the number of families and/or brands showing lower values than the reference tobacco (i.e., ratios lower than 1) is larger than in the case of TPM-F. According to these results, all the studied RYO brands provide noticeably lower yields of aromatics than 3R4F.

Some authors use the yields expressed as mass of component per mg of nicotine, i.e., the nicotine-normalized yields in order to compare commercial brand styles [@bib0035], because of the interest in focusing attention on nicotine, which is mainly responsible for the addictive character of smoking tobacco. [Fig. 6](#fig0030){ref-type="fig"} shows the nicotine-normalized yields obtained for the studied RYO brands and the 3R4F reference, thus allowing the comparison with respect to this reference tobacco. The first question that merits a comment is that all these ratios are lower than one, showing the already commented on fact that nicotine is the major compound appearing both in TPM and TPM-F. The data represented in [Fig. 6](#fig0030){ref-type="fig"} indicate that the different RYO brand tobaccos studied in this work generate in general higher amounts of the considered chemical families with respect to nicotine than those containing the 3R4F reference. In other words, the overall TPM of the RYO tobaccos seems to be more harmful than that of the reference tobacco per mg of nicotine inhaled. As stated previously, the nitrogenous group includes other nitrogen-containing compounds other than nicotine. Regarding TPM-F ([Fig. 6](#fig0030){ref-type="fig"}a), the only cases where RYO tobaccos show lower yields than the reference tobacco are: almost all the families of brand A, carbonyls of brands B, E and I and other compounds of brand H. With respect to the TPM, the nicotine yields obtained tend to be lower than those in TPM-F. In general, they tend to be also higher for the RYO tobaccos than for the reference tobacco, but in this case there are many more cases that deviate from this behavior.Fig. 6Ratio between the nicotine-normalized yields obtained in (a) the TPM-F and (b) the TPM for the different chemical families in the RYO brands studied and the 3R4F reference.

4. Conclusions {#sec0035}
==============

RYO tobaccos present lower amounts of condensed products in the traps than in the filters. In general, the yields of TPM are in the range 18--22 mg/g of smoked tobacco. However, the opposite effect is observed for 3R4F because the amount of TPM obtained from 3R4F is higher than TPM-F. Moreover, the total of TPM (TPM + TPM-F) for the reference tobacco is lower than for RYO tobaccos, with the only exception of brands C and J. The yields of nicotine are in the ranges of 0.96--2.66 and 1.90--3.60 mg/g of tobacco smoked in TPM-F and TPM, respectively, with brand A being the one yielding the highest value. Nicotine may tend to be more concentrated in the traps than in the filters.

The total gas yields ranged from 4.66 to 6.98 mg/g of tobacco, with the 3R4F reference being very close to the highest end. In fact, with the only exceptions of pentane, hexane, acetaldehyde, 2,5-dimethylfuran and isobutiraldehyde, most of the other 26 compounds analyzed in the vapor phase are obtained in lower amounts from the different RYO tobaccos than from 3R4F.

Regarding the heaviest compounds, whose main tendency is to appear more concentrated in TPM than in TPM-F, 3R4F is one of the tobaccos yielding the lowest amounts in the filters, whereas in the traps the yields obtained for this tobacco are closer to the average yields. On average, the yield of the different chemical families of compounds appearing in TPM-F tends to be around three times higher than those obtained from 3R4F. Among the RYO tobacco brands, J is the one showing the lowest yields except for aromatics, and brand I is at the other end providing the larger amounts of aromatics and PAH. However, all RYO brands as well as the 3R4F tobacco show very similar yields of the considered chemical families of compounds appearing in TPM, where all the studied RYO brands provide noticeably lower yields of aromatics than 3R4F.

Considering the results obtained it could be concluded that the RYO brands studied deliver more nicotine and most of the products than in the condensed fraction than the 3R4F reference tobacco. Only the gas fraction seems to be lower for these tobaccos than for the reference one, despite there being no significant differences between the CO yielded by 3R4F and the 11 RYO brands. Accordingly it can be stated that RYO tobaccos are definitively not less hazardous than the reference tobacco, which may be contrary to popular belief.
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